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Okjecelws, This report describes a novel technique for ablation
of "difcuk" posteroseptal pathways .
BacksnOtutd, Although radiorequency ablation of accessory
atrioventricular (AV) pathways Is successful in 200% of cases,
particular dMilctity may be encountered with some bypass tracts
in the posteroseptal region.
He&* . In eight patients with posteroscptal accessory path
•
ways (two concealed), radiofrequency catheter ablation using
conventional unipolar current applications from favorable sites
along the tricuspid or mitral annulus, or both, was unsuccess1 it.
Subsequently, a bipolar technique was adopted, with current
application between the distal electrodes of two catheters post.
tioned against the septal region at sites of early activation along
both tnitral and tricuspid annuli .
Results. The bipolar configuration proved effective in all cases .
The number of bipolar lesions required for success was one (five
Transcatheter radiofrequency ablation has rapidly gained
acceptance in the treatment of supraventricular arrhythmias
related to accessory atrioventricular (AV) pathways, with
reported overall success rates of ao (1-4). Nevertheless,
particular difficulty may be encountered with some anatom-
ically complex pathways in the posterior and midseptal
regions. Such cases can require lengthy procedures with
increased radiation exposure, and they account for a dispro-
portionate number of failures in most recently published
series (1,3-5) . The purpose of this report is to describe a new
technique for ablation of these "difficult" posteroseptal
pathways by application of radiofrequency current via a
bipolar tricuspid annulus-mitral annulus electrode configu-
ration . This technique may prove effective when conven-
tional unipolar current delivery has failed .
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patients), five (two patients) and nine (one patient) . In five
patients, bipolar current application abolished pathway conduc-
tion using positions at which delivery of unipolar lesions had been
ineffective or caused transient block. The AV or ventriclloatrial
Interval at successtul sites varied from 20 to 65 nts, and the time
from delta wave onset to local ventricular activation was zero or
negative. There were no complications attributable to the bipolar
technique. During follow-up of 8 to 36 weeks, pathway conduction
has not rocnrred in any patient .
Conclusions. Bipolar radiofrrequency current delivery across
the septal region using a tricuspid annulus-ntitral annulus elec-
trode configuration may abolish accessory pathway conduction
when conventional unipolar applications have proved ineffective .
The technique may reduce procedure duration, radiation expo-
sure and overall failure rate in these problematic cases.
(J Am Cell Caudeal 1993;22:550-6)
Methods
Patients (Table 1). The subjects of this report were two
male and six female patients, aged 13 to 53 years, who
formed part of a total series of 33 patients with posteroseptal
accessory pathways referred for radiofrequency catheter
ablation to control malignant or drug-refractory arrhythmias .
In these eight patients, attempts to ablate accessory pathway
conduction by the standard technique of unipolar current
delivery had been unsuccessful, either during the same
session (six patients) or a previous session (two patients) .
There were six patients with Wolff Parkinson-White syn-
drome and two with concealed accessory pathways (one of
these had a second left free wall pathway) . All but one of the
patients with pre-excitation exhibited transitional delta wave
polarity in inferior leads 11, aVF and III ; Patient 5 had
negative delta waves in all inferior leads . Transition oc-
curred by lead V2 in the precordial leads, and the QRS axis
was between -15° and -60°.
Ablation techniques. The ablation procedures were con-
ducted under sedation (diazepam plus diamorphine) in six
patients and general anesthesia in two patients (both adoles-
cents). After catheter placement, patients received a
0715-1097,!9346 .00
100-U/kg body weight bolus of intravenous heparin . Map-
ping and ablation were performed using 7F quadripolar
catheters with a 4-mm tip, 2.5-mm interelectrode spacing
and deflectable curve (Polaris, Mansfield-Webster), which
were introduced via the femoral artery and vein and ad-
vanced to the left and right ventricles,. respectively . The
septal region was then carefully mapped from both mitral
and tricuspid approaches and from within the proximal
coronary sinus . Bipolar electrograms were recorded from
the distal pair of electrodes, filtered at 50 to 500 Hz and
recorded at paper speeds of 100 to 200 mm/s together with
four surface electrocardiographic (ECG) leads using a mul-
tichannel ink jet recorder (Mingograf 7, Siemens-Elema) .
The position of the His bundle electrogram was carefully
noted from both sides of the septum . In patients with
pre-excitation, anterograde mapping was performed during
sinus rhythm or atrial pacing, and target sites for ablation
were identified by the presence of discrete atrial and ven-
tricular electrograms in the same recording, early local
ventricular activation relative to onset of the delta wave on
the surface ECG and continuous AV electrical activity or a
possible accessory pathway potential. Concealed pathways
were localized during right ventricular pacing by the pres-
ence of discrete ventricular and atrial potentials, early ret-
rograde atrial activation and continuous ventriculoatrial
(VA) electrical activity . Radiofrequency current was sup-
plied by a 500-kHz generator (HAT200S, Dr . Osypka
GmbH) at constant preset electrical power (30 to 50 W) for
60 s, but delivery was interrupted if accessory pathway
conduction failed to block within the first 10 s. The generator
was interfaced with a personal computer running dedicated
software for teal-time display and recording of power out-
put, cumulative energy and system impedance during each
radiofrequency delivery .
Unipolar versus bipolar configur..Jon. In all cases, abla-
tion was initially attempted by conventional "unipolar"
current delivery between an appropriate endocardial site and
a large patch electrode positioned over the patient's left
thigh. If unipolar discharges proved ineffective, and favor-
able local electrograms could be recorded from both the
AVRT = atrioventricular reentrant tachycardia ; AP = accessory pathway ; ECG = electrocardiographic ; F = female ; ISO = isoelectric delta wave ; Pre-exc
AFib = pre-excited atrial fibrillation; M = male ; Pre-exc
AM = pre-excited atrial flutter: Pt = patient ; WPW -= Wolff-Parkinson-White syndrome
; -ve = negative
delta wave ; +ve = positive delta wave
mitral annulus and tricuspid annulus/proximal coronary
sinus, a "bipolar" ablation technique was adopted. The two
ablating catheters were left positioned at the optimal endo-
cardial sites on either side of the septum . and radiofrequency
current was delivered between their distal 4-mm-tipped
electrodes . The same preset power output was used as for
the unsuccessful unipolar discharges at these sites, and if
pathway conduction blocked within the first 10 s, current
delivery was continued for I min . This approach was based
on the empiric discovery (in the first case of our series) that
bipolar current application between two sites of early ven-
tricular activation could succeed in abolishing pre-excitation
even though unipolar current applications from the same
two endocardial sites had had no e&L ;i (Fig. I and 2). If
the first bipolar application proved ineffective, further dis-
charges were administered after adjusting the position of one
or both catheters ; usually only the catheter with less favor-
able local electrogram characteristics was moved . Initially,
we only proceeded to the bipolar technique after delivery of
multiple unipolar lesions had failed . More recently, we have
resorted to its use at an earlier stage for two patients in
whom mapping of the posteroseptal region revealed early
ventricular activation from both mitral and tricuspid ap-
proaches.
Follow-up. The procedure was considered successful if
anterograde and retrograde accessory pathway conduction
was abolished and remained absent after a 30-min observa-
tion period. Total procedure duration (including the obser-
vation period) and fluoroscopy time were noted . A repeat
intracardiac electrophysiologic study was performed within
10 days, and patients were subsequently followed up at
regular intervals in the clinic .
Statistics.
Continuous variables were compared by un-
paired i tests, with two-tailed p values < 0 .05 considered
significant . The Wilcoxon signed rank test was used to
compare the number of lesions delivered in unipolar and
bipolar modes . Thc: outcome (success or failure) of the two
ablation modes was compared using the exact test for
correlated proportions .
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Table 1 . Clinical and Electrocardiographic Features
PL
No .
Age
(yr)I
Gender Diagnosis Clinical Arrhythmias
Previous
Ablation
Attempts
Surface ECG-Delta Wave Polarity Frontal
QRS
Axis
11 111 aVF V, V, V,
I 531E WPW Pre-exc AR AVRT Noire +ve -vc. ISO
No
+ve
+ve -20
2 26/F WPW Pre-exc AFib None +ve -ve -ve +ve +ve +ve -10
3 141F WPW AVRT None iso -ve -ve ISO +ve +ve -30
4 131M Concealed AP AVRT One - - - - - -
5 29/M WPW Pre-exc AFib . AVRT None -ve - "e -ve ISO +ve +ve -60
6 42117 WPW AVRT None +ve iso Iso ISO +ve +ve -35
7 42/F Concealed AP (x2) AVRT None - - - - - -
8 231F WPW AVRT Two
ISO
-ve -ve -ve +ve +ve -15
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Figure 1 . Fluoroscopic views (right [A] and left (B) anterior oblique
projections) of the ablation catheter positions used for bipolar appli-
cation of radiofrequency current across the septal region in Patient
l . The corresponding local electrograms are shown in Figure 2 .
Results
Posteroseptal accessory pathways were successfully ab-
lated in all eight patients with bipolar radiotrequency current
Figure 2 . Bipolar electrograms recorded durirg sinus rhythm from
the distal poles of the ablating catheters positioned along the
tricuspid wnnulus (TA) and mitral annulus (MA) in Figure 1, together
with surface electrocardiographic leads I and II . Note that local
ventricular (V) activation is early at both sites, preceding the onset
of the surfhce delta wave, with continuous atrioventricular activity
in the tricuspid annulus electrogram . Unipolar current application
(40 W for 10 s) from both electrodes proved ineffective, but bipolar
current application (40 W for 60 s) between the electrodes abolished
pie--excitation within 3 s. A = local atrial activation .
delivery between right- and left-sided electrodes (p < 0 .025
vs. unipolar mode ; exact test for correlated proportions) .
Representative examples of the catheter positions used and
the local electrograms recorded at sites of successful bipolar
current application are shown in Figures l to 5 .
Procedure. Procedure details are summarized in Table 2 .
Total duration ranged from 55 to 260 min (including the
observation period) and fluoroscopy time from 9 to 102 min ;
however, a specific breakdown of the times devoted to
unipolar and bipolar approaches was not recorded . Signifi-
cantly more lesions were delivered in the unipolar mode
compared with the bipolar mode (p < 0 .03, Wilcoxon signed
rank test) . The number of unsuccessful unipolar deliveries
Figure 3. Bipolar electrograms recorded during right ventricular
pacing from the tricuspid annulus (TA) and mitral annulus (MA)
together with surface electrocardiographic leads V, and aVL in a
patient with a concealed posteroseptal accessory pathway . Contin-
uous ventriculoatrial activity is present at both locations, indicating
proximity to the pathway
. Unipolar current application at the mitral
site (35 W for 10 s) was ineffective, and at the tricuspid site (35 W for
60 s) it only interrupted pathway conduction transiently (for < 15 s) .
Bipolar current application (35 W for 60 s) from the same two sites
interrupted pathway conductionn permanently . A = local atrial
activation ; S, = pacing stimulus ; V = local ventricular activation .
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(including previous sessions) ranged from 5 to 44, except in
two of the later cases (Patients 5 and 6), where the bipolar
electrode configuration was used early on because mapping
revealed early ventricular activation on both sides of the
septum. The first bipolar current delivery was successful in
five patients, two patients required five deliveries each and
one patient required nine deliveries . In these three patients,
some of the earlier bipolar attempts had abolished accessory
pathway conduction tempos arily . In five patients, bipolar
current application was successful using either one or both
electrode positions at which delivery of unipolar lesions had
proved ineffective or only caused transient block .
The final (successful) electrode positions along the tricus-
pid annulus were all located at or anterosuperior to the os of
the coronary sinus but posterior to the AV node-His bundle
region. The final positions on the mitral annulus were all
situated well posterior to the AV node, in the region lying
opposite to the coronary sinus os .
The mean (±SD) electrical power output used for bipolar
deliveries was slightly higher than for unipolar deliveries
(39 ± 9 vs. 35 ± 8 W, p < 0 .05), but system impedance was
also significantly greater (209 ± 31 vs . 170 ± 33 fl, p <
0.001). In fact, all bipolar lesions were delivered at identical
power outputs to those used for unsuccessful unipolar dis-
charges at the same sites, and the small difference in mean
power was due to the lower settings used for some of the
initial unipolar lesions .
Electrogram characteristics. The local electrogram char-
acteristics at the successful endocardial sites are shown in
Table 3. The time from delta wave onset to local ventricular
activation (QRS-V) was s0 ms on both sides of the septum
BASHIR ET AL
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Figure 4
. Fluoroscr plc views (right [A] and left [B] anterior oblique
projections) of the catheter locations used for bipolar current
delivery in Patient 8
. The Polaris catheters have been positioned by
way of the inferior vena cava in the coronary sinus os and retrograde
by way of the aortic valve along the medial aspect of the mitral
annulus. The corresponding local electrograms are shown in Figure
5. A quadripolar electrode catheter is positioned in the right ven-
tricular apex .
Figure 5. Bipolar electrograms recorded during sinus rhythm from
the catheter positions on the mitral annulus (MA) and within the
proximal coronary sinus (PCS) shown in Figure 4, together with
surface electrocardiographic lead
I . At the mitral site, continuous
atrioventricular activity is present, and local ventricular activation is
at least coincident with delta wave onset ; unipolar current applica-
tion (45 W for 60 s) abolished pre-excitation
temporarily, but
conduction resumed within 30 s
. At the proximal coronary sinus
site, local ventricular activation clearly precedes delta wave onset,
but unipolar current application (45 W for 10 s) had no effect
.
Bipolar current application (45 W for 60 s) interrupted
accessory
pathway conduction permanently, with loss of pre-excitation within
2 s .
.A = local atrial activation ; V = local ventricular activation .
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Table 2. Ablation Procedure
'Includes 30•min observation period. tAbaated using retrograde mapping
. *Including unsuccessful unipolar RF
discharges during previous sessions
. llncluding time for ablation of a second concealed left flee
wall pathway. RF
discharges
- number of sites of attempted radlotfrequency delivery using the following electrode configurations :
unipolar from the tricuspid annulus (TA), unipolar from the mittal annulus (MA) and bipolar (TA-MA) ; Time to Block
- interval from onset of radiofrequency current delivery to loss of accessory pathway conduction .
in all but one of the patients with pro-excitation
. The local
AV or VA interval varied from 20 to 65 ms, and continuous
electrical activity was present in five of eight right ventricu-
lar electrograms and in four of eight left ventricular electro-
grams. In three patients, continuous activity was recorded
from both sides of the septum
. The ratio of atrial/ventricular
amplitude was <1 .0 at six of eight mitral sites and five of
eight tricuspid sites . None of these electrograms contained
any evidence of His bundle activity .
Complications. One patient developed pericarditis
(which appeared during ablation of a coexisting left free wall
pathway), but there were no other complications, and serum
creatine kinase-MS isoenzyme levels remained within nor-
mal limits . Specifically, there was no evidence of AV con-
duction delay or block in any patient either perioperatively
or during follow-up .
Fellow-up4 Electrophysiologic study 3 to 10 days later
confirmed abolition of accessory pathway conduction in all
cases
. During follow-up of 8 to 36 weeks, pre-excitation has
not returne •i in any of the six patients with Wolf Parkinson-
White syndrome,
and only one patient (Patient 6) has expe-
rienced recurrent episodes of palpitation that were shown by
Table 3
. Local Electrogram Characteristics at Successful Ablation Sites
transtelephonic monitoring to be due to short runs of atrial
fibrillation
. She underwent a repeat electrophysiologic study
at 3 months when there was no evidence of anterograde or
retrograde pathway conduction .
Discussion
Recent reports from most centers with extensive experi-
ence of radiofrequency ablation have emphasized that pos-
teroseptal pathways are generally more problematic to ab-
late than pathways in other locations (1,3-5), requiring
longer procedures, more fluoroscopy and a greater number
of current applications (3) . Mapping in this region of the
heart is more complicated, and it is not unusual for both
right- and left-sided approaches to be used in the same
patient before success is achieved . Our findings suggest that
application of radiofrequency current by way of the bipolar
tricuspid annulus-mitral annulus configuration may abolish
conduction in posteroseptal pathways that have proved
difficult to ablate by standard techniques. In five patients,
bipolar current application was effective at endocardial sites
from which delivery of unipolar lesions had previously
'Ablated using retrograde mapping
. AV = local atrioventricular interval (ms) or ventriculoatrial (VA) interval for
retrograde mapping
;
A/V
- local AV amplitude
ratio ;
Coat
= presence (+) or absence
(-) of cuntinuous AV or VA
electrical activity; QRS-V -
interval from delta wave onset to local ventricular activation (ms). - = minus; + _
plus.
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Pt .
No
.
Procedure Time"
(min)
Fluoroscopy Time
(min)
RF
Discharges
Time to Block
(s)
Duration of
Follow-Up
(wk)
TA MA TA-MA
1
205 56
9 15 I 3 36
2 260
88 7 6 9
2 30
3
170 73 2
3
S
7 30
0
100 42
174 5#
l
9 28
5 90 32 0
2 1 2 19
6 100
43 0 I 5 9
25
7t 2451
1021 2 II 1
8 13
8
55 9 365
8*
1
2 8
Right-Sided Catheter Left-Sided Catheter
AV QRS-V AN
Coat AV QRS-V AN Cont
1 20 -20 0.4 r
30 -10 0.4
2
3S -10 0.8
65 -10 LS
3 54
0 3 .5 +
5o 0 0.1
4'
(40) -
(0
.4)
(30)
'0.1)
5 60 0 0.9 + 40
0 0.1 +
a 60 10 0.5
30 -10 0.1 +
7'
(45) (2
.0) +
(30) (0.9) +
8
35 -15 2 .0 +
30 0 3 .0 +
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failed, indicating that this was not simply the result of
changing electrode position . Although it is likely that, with
perseverance, all of these pathways could eventually have
been ablated by conventional unipolar current application,
the comparatively small number of bipolar discharges re-
quired to achieve success almost certainly had the effect of
reducing total procedure duration and radiation exposure .
For example, two patients (Patients 4 and 8) who had
previously undergone failed attempts at radiofrequency ab-
lation (each lasting >5 h) had successful ablation with the
bipolar technique in sessions of 100- and 55-min duration,
respectively. We have not yet encountered any problems to
suggest that bipolar current delivery across the septum is
less safe than conventional unipolar current application in
this region .
The difficulty in ablating posteroseptal pathways is re-
lated to their anatomic heterogeneity . Improved catheter
mapping techniques (including direct recording of accessory
pathway potentials) have revealed that these bypass tracts
can insert. at a variety of sites along the tricuspid annulus
(right midseptal and right posteroseptal), at the coronary
sinus os or other locations within the coronary sinus or along
the mitral annulus (left posteroseptal) (6,7) . In a few cases,
accessory pathway potentials may only be recorded from the
middle cardiac vein, although current delivery at this site is
associated with a definite risk of pericarditisltamponade (1) .
The situation is even more complex because some pathways
follow oblique projections across the posteroseptal space
between discordant atrial and ventricular insertion sites
(6,7) . Unfortunately, it is not possible to give such precise
anatomic classifications for the posteroseptal pathways in
this series . We did not routinely perform both anterograde
and retrograde mapping and, with the bipolar technique,
even the pathway insertion site cannot be verified with
certainty because there are two final electrode positions .
Transitional delta wave polarity in the inferior leads (present
in five of six patients with pre-excitation in this series) was
originally described as a feature of intermediate septal path-
ways (8,9) but is often found with posteroseptal pathways at
other locations (10) .
Possible mechanisms . Histologic studies in dogs have
shown that bipolar radiofrequency current delivery between
catheters in the left ventricle and coronary sinus creates a
cylindric zone of necrosis extending from one electrode tip
to the other, whereas unipolar current delivery causes an
approximately spheric lesion, with greatest injury to the
myocardium immediately adjacent to the electrode (11) .
Bearing in mind the dimensions of the posteroseptal space
(the distance between left margin and the coronary sinus os
may be up to 3 cm) (12), accessory pathways traversing it
obliquely may be vulnerable to unipolar current application
only at their insertion sites where they lie close to endocar-
dium. It is possible that the success of bipolar current
application in our series was due to interruption of bypass
tracts deep within the septal region by through and through
necrosis, whereas unipolar discharges from the same loca-
BASHtR ET AL
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tiuns
could have failed because neither electrode was posi-
tioned precisely at the site of insertion of the pathway .
We also considered the possibility that the bipolar elec-
trode configuration might be associated with more efficient
current delivery, but system impedance was found to be
::Z
,15% higher than for unipolar applications
. Moreover, the
mean system impedance of 170 fl for unipolar applications in
this study was much higher than the values reported by other
groups, which have typically been -100- to 120-f1 . (1,13) .
The difference probably relates to our routine use of a
thigh-indifferent electrode rather than a shoulder-indifferent
electrode, although this would not have had any impact on
bipolar current delivery .
Finally, although we did not record bipolar electrograms
between the distal electrodes of the two ablating catheters, it
would have been interesting to discern whether such elec-
trograms obtained by means of the bipolar configuration
exhibited favorable characteristics (for example, accessory
pathway potentials) that were not present at the individual
right- and left-sided ablation sites .
Study limitations . Unipolar lesions were delivered at
sites of bipolar current delivery in only five patients, there-
fore, the specific utility of the bipolar configuration it the
remaining three patients cannot be established . Even in
patients in whom unipolar lesions had been delivered, it is
possible that microdisplacemcnt of the electrode might have
taken it closer to the location of the path% ay by the time the
bipolar pulse was delivered ; however, this situation should
have been associated with son a change in the local electro-
gram, which was not seen .
The justification for proceeding to a bipolar approach
with "difficult" pathways after the failure of extensive
attempts at unipolar ablation is self-evident. Whether routine
early recourse to the bipolar technique for posteroseptal
pathways (as was done in our Patients 5 and 6) would limit
procedure duration and radiation exposure is unproved . In
our Patient 6, after delivery of a single unipolar lesion from
a favorable site on the mitral annulus proved ineffective, five
bipolar applications using the same left ventricular position
were required to abolish accessory pathway conduction
permanently (although the first of the bipolar discharges did
cause transient block) . This issue could be resolved only by
a prospective comparison of unipolar and bipolar ap-
proaches .
Clinical implications . Radiofrequeney ablation of postero-
septal accessory pathways by unipolar current delivery is
straightforward in most patients but, even in experienced
hands, some cases can prove difficult and end in failure
despite protracted efforts
. In this situation, the bipolar
technique represents a safe and potentially effective alterna-
tive approach, and its use should be considered before
abandoning the session . Earlier recourse to this method in
such problematic cases might restrict total procedure dura-
tion and radiation exposure .
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